The development of freeway construction and the increasing coverage of the road network have led to increasing requirements for guide signs. This article investigated drivers' visual cognition pattern regarding exit guide signs on freeway interchanges. A static visual cognition experiment with 32 participants was carried out. The route information volume (four levels) and destination information volume (seven levels) were selected as the variables. An eye-tracking system was utilized to record drivers' eye movement indicators, such as eye movement time, saccade frequency, seek time, and fixation duration. The results indicated that the eye movement time, saccade frequency, and seek time are highly correlated with information volume and increase significantly with the increases in information volume; although the fixation duration has no correlation with information volume, the fixation duration value, saccade frequency, and seek time of destination information are significantly higher than those of route information, and the destination information fulfills a stronger guiding function during the driver's trip. The corresponding threshold values of destination information are 5, 5, 4, and 3 under the four levels of route information, and the threshold value of route information is 3.
Introduction
Guide signs can convey necessary information regarding travel and route to drivers, enabling drivers to arrive at their destinations quickly and safely. 1 According to national freeway crash statistics, approximately 10% of traffic crashes are related to road network construction, and more than 40% of these crashes occur in the exit area of the freeway. 2 The exit guide sign, as an important part of freeway infrastructure, plays a role in traffic guidance and traffic control and directly affects traffic safety. In addition, as a pivotal connection between the driver and the road network, the content of guide signs can also influence the driver's cognition. The reactions and decisions of a driver are directly related to traffic safety. With the rapid development of road network construction of the freeway system in China, many problems have been raised in the process of applying exit guide signs on freeway interchanges. The first problem is serious information overload. The increasing density of the road network, ineffective traffic management systems, and the concept of ''more information is better than none'' all contribute to information overload. The second 1 Beijing Engineering Research Center of Urban Transport Operation Guarantee, College of Metropolitan Transportation, Beijing University of Technology, Beijing, P.R. China problem is typesetting confusion; because of information overload, this phenomenon occurs frequently on freeway interchanges all over the country. The exit guide signs shown in Figure 1 are typical of freeway interchanges in China because of the lack of normalized special regulations; this situation imposes a burden on the visual cognition and psychological pressure of drivers and tends to cause risky driving. 3 Several relevant regulations regarding freeway exit guide signs are specified in China National Standards of Road Traffic Signs (GB5768. ); however, the exit guide signs of freeway interchanges are not specifically highlighted. Through several decades of research, the United States has created a relatively optimized system for guide signs. Clear rules and regulations regarding the content of guide signs are specified in the Manual on Uniform Traffic Control Devices 4 and Standard Highway Signs (SHS). For example, Section 2E.10 Amount of Legend on Guide Signs in the Manual on Uniform Traffic Control Devices (MUTCD) specifies the following: No more than two destination names or street names should be displayed on any Advance Guide sign or Exit Direction sign. A city name and a street name on the same sign should be avoided. Where two or three signs are placed on the same supports, destinations or names should be limited to one per sign, or to a total of three in the display. Sign legends should not exceed three lines of copy, exclusive of the exit number and action or distance information. However, in the actual situation in China, two destination names or two street names cannot meet the demand for information; furthermore, with the cultural and geographical differences between the United States and China, certain rules and regulations in the MUTCD are not feasible in China.
During the last three decades, many scholars and experts have studied traffic signs from the perspective of visual cognition. The pioneering research can be traced back to 1989. Dingus et al. 5 found that when drivers receive traffic sign information, they decrease the visual cognition time in each view and increase the view frequency. Miller 6 proposed that in information processing the information volume of short-term memory is 7 6 2 (blocks). The amount of information will affect the driver's understanding and memorization of traffic signs, and the resulting memory load will affect the driving behavior. 7 Therefore, the amount of information on guide signs should not be beyond humans' cognitive capacity. Long and Kearns 8 proposed methods to improve the effect of signs through a comparison experiment according to the reaction time based on the characteristics of the dynamic visual conditions. Compared with foreign studies, domestic research studies mainly focus on the information volume. In 2008, Du 9 from Wuhan University of Technology analyzed the relationship between the traffic sign information volume and visual cognition time and compared the visual cognition ability to distinguish target route names and nontarget route names using eye tracking. He concluded that the cognition time of the target route name is significantly less than that of the nontarget route name and that the threshold value should not exceed 5. In 2009, Wang 10 from Chang'an University concluded that the threshold value should be 6 based on a static sign visual cognition experiment. The introduction of eye-tracking systems has greatly promoted research on guide signs, with most studies being conducted based on this system. In 2004, NHTSA 11 of the United States conducted research that found that drivers' eye fixation would move from the front lane when drivers were following cars. The duration for which their eyes moved away from the front lane when there was a car ahead was shorter than that without a car ahead. The duration of drivers' gaze toward specific objects was typically in the range of 1.6-2.0 s. In 2006, Pan and Lin 12 from Tongji University applied an eye-tracking system in the field of traffic safety and analyzed the effect of light conditions on the visual cognition distance for traffic signs under different driving speeds using an outdoor driving test.
Most research studies on traffic sign cognition were carried out near 2010. The rapid development of the road infrastructure in China has resulted in new requirements to study the application of sign information. Furthermore, several problems still remained to be solved. For example, there is no adequate research involving exit guide signs on freeway interchanges, and most related research has centered on guide signs in urban areas. In addition, most studies on the amount of information on guide signs have also focused on urban areas; few studies have focused on guide signs on freeway interchanges. Moreover, there is only destination information on the guide signs in urban areas. Thus, scholars have typically investigated the guide sign as a whole. Because both destination information and route information are provided on the exit guide signs at freeway interchanges, specific research on different parts of the guide sign must be conducted. Furthermore, many studies simply use the fixation duration without further analysis of the eye movement pattern, which is not appropriate. A more appropriate approach to studying eye movement patterns is the use of a more microscopic and comprehensive indicator system; therefore, four eye movement indicators were selected in this research.
Visual cognition is the driver's most direct response to the sign and is a microscopic visual response rather than a physical action response. Based on visual cognition, this article aimed to obtain the cognition characteristics and patterns to guide signs on freeway interchanges. This article attempted to study the following:
1. The visual cognition characteristics and patterns under the condition of different information volumes of guide signs on freeway interchanges; 2. The different change patterns of eye movement indicators between destination information and route information;
3. The threshold value of route information and destination information.
To achieve these objectives, a static visual cognition experiment was carried out using an eye-tracking system, which helped to obtain the eye movement data. Eye movement time (EMT), saccade frequency, seek time, and fixation duration were selected as the indicators to analyze the visual cognition patterns of different parts on the exit guide signs on freeway interchanges and to obtain the information threshold value of route information and destination information. The results of this study will hopefully improve the existing standards.
Method

Participants
A total of 32 healthy drivers, including 25 males and 7 females aged 20-60 years (mean = 33.93, standard deviation (SD) = 10.50), participated in this static visual cognition experiment. All participants had Chinese class C driver's licenses with more than 3 years of driving experience (mean = 10.32, SD = 7.89) to ensure that they were adequately familiar with driving to identify the guide signs. All participants provided written informed consent before the experiment started.
Regarding the choice of the participants, briefly, the participants were a homogeneous sample selected to decrease the error caused by heterogeneity, as numerous studies have demonstrated that driving performance can be significantly affected by age and gender. 13 Therefore, gender proportion of the participants in this article were selected according to the actual distribution of drivers in China. While the ratio of male to female drivers is about 3:1 in China, 14 the numbers of drivers aged 20-30, 30-50, and over 50 are 14, 15, and 3, respectively. In addition, according to Central Limit Theory, if a sum of random variables is normally distributed, a large sample size obtained from those variables also fits normal distribution. Besides, the sample size not less than 30 is a rule of thumb and commonly used in driving behavior empirical research. 15 
Apparatus
The E-Prime software can be used to conduct behavioral and psychological experiments. In our experiments, images of guide signs were displayed randomly by E-Prime software, and then the software obtained the drivers' response time in milliseconds. In this article, the response time data were not used; instead, they will be analyzed with the eye movement data in later studies.
The eye-tracking system ( Figure 2 ) used in this article can realize the visual tracking of three-dimensional (3D) information, such as the real world, in a dynamic process. In the process of obtaining data, the eyetracking system can improve not only tracking accuracy through its automatic deviation adjustment, but also portability through wireless real-time control and real-time recording. The parameters of the eye-tracking system are as follows: the sampling rate is 60 Hz; the tracking resolution is 0.1 degrees; the fixation accuracy is 0.5 degrees; the tracking range is 80 degrees in the horizontal direction and 60 degrees in the vertical direction; and the tracking distance is over 40 cm.
Experimental design and procedure
Division of signs. The layout of a freeway guide sign includes information on the destination, route, exit number, direction, and distance. This article divided the signs into four parts from top to bottom, as shown in Figure 3 : exit number part, route information part, destination information part, and direction and distance part.
Each piece of information on the guide sign is critical because each provides a different type of signal for drivers. In this article, the amounts of route and destination information were selected as the experimental variables; compared with route information and destination information, the exit number and direction and distance information are fixed variables. Therefore, regardless of how much information is provided regarding route and destination, there is only one piece of information regarding exit number, distance, and direction. This situation implies that information overload is mainly caused by the overflow of route information and destination information. Thus, the route information part and destination information part were selected for investigation and analysis in this article.
Indicator selection. The basic parameters of eye movement directly selected by the eye-tracking system included fixation, saccade, and blink, as shown in Figure 3 . Fixation points A, B, and C represented the place where the participants gazed, and the duration represented the length of time the participants gazed at that point. The saccade represented the eye movement from fixation A to fixation B, and the saccade frequency represented the duration of the eye movement. A blink represented an instance in which the viewpoint jumped suddenly from fixation B to fixation C.
The eye movement indicators derived from the basic parameters of eye movement in this article included EMT, saccade frequency, seek time, and fixation duration:
EMT refers to the time during which the participants identify the target information after the appearance of signs. Saccade frequency is the number of saccades in the analysis section. A higher saccade frequency indicates that it is difficult for participants to find the target information. Seek time is the time for the fixation point to enter the analysis area and finally locate the target information. Similar to saccade frequency, a longer seek time indicates that participants are taking longer time to find the target information. Fixation duration indicates the time in which participants gaze at the target information; therefore, a longer fixation duration indicates that the participant is paying more attention to the information.
In addition, there is another indicator called visual recognition order. Through questionnaire survey and objective statistics, the subjective and objective visual recognition orders were obtained to determine the driver's demand for different information.
Experimental factors. To reduce the deviation of experimental results due to familiarity, the names of the provincial capital city with two Chinese characters were selected as the target destination information, and the double-digit route number of the national freeway was selected as the route information (e.g. G20), as shown in Figure 3 . The destination information (DI) volume was divided into seven levels (2-DI to 8-DI). The route information (RI) volume was divided into four levels (1-RI to 4-RI). Therefore, 28 combinations were considered in total. To reduce the inertia error, 32 signs were used as the interference factor in this study; thus, a total of 60 freeway guide signs were used in this experiment.
In the process of making experimental signs, the information was selected randomly, as was the target information for each sign. Before the experiment, the experimental signs were input into the E-Prime software, and the random screening mode was checked to ensure that each experiment sign would appear in a random order.
Experimental process. Relevant pictures regarding the experimental process are shown in Figure 4 . The experiment was carried out with the following steps:
1. Pre-experiment questionnaire. All participants are required to complete a questionnaire to collect basic information (e.g. age, profession, gender, and driving experience) and determine their physiological and psychological status before the test. 2. Read the experiment guide. After filling in a questionnaire, the experimental guidelines are introduced to the participants: (1) for the formal test, the target information (including one piece of destination information and one piece of route information) appears on the screen; (2) please remember the target information and press the ''Y'' button to proceed to the next page, on which the target guide sign will be displayed; and (3) after finding the target information on the sign, press ''Y'' button rapidly to enter the evaluation page and complete the identification difficulty evaluation (the result would be used in later research). 3. Equip the participant with the eye-tracking system and adjust it. Before the experiment, the participant was equipped with an eye-tracking system. The experiment assistant points three different points on screen. Then the participant's eyes follow the three points successively. In this way, the participant was fitted with the eye-tracking system. 4. Start the experiment. Each experiment task will last approximately 10 min. 5. Complete the questionnaire survey after the experiment. After the experiment was completed, all participants were required to finish another questionnaire, which was designed to evaluate the difficulty of seeking target signs.
Analysis and results
Data preprocessing
The eye-tracking system helped obtain the video that contained the gaze point and the TXT format file that provided the basic parameters of eye movement. The data analysis was performed using BeGaze software, which is a software for an eye-tracking system that is used to analyze the data and video. The raw data of the route information part and destination information part were obtained under its function of selecting a specific part.
Analytical methods
The EMT, saccade frequency, seek time, and fixation duration were selected as the indicators in this study, and the route and destination parts were selected as the analysis parts. In this article, main effect analysis and analysis of variance with repeated measures (rANOVA) were used to analyze the eye movement indicators. Principal component analysis was selected to investigate the threshold value under the condition of multiple indexes. The analysis framework is shown in Figure 5 . The analysis is divided into five parts, as shown in Figure 5 . 
Analysis and results
The guide sign. The visual cognition patterns of the guide sign included two parts; the first part was the visual recognition order of route and destination information. The research on visual cognition orders was carried out from subjective and objective perspectives, as shown in Figure 6 . The subjective result was obtained through a questionnaire survey of 32 participants, and the objective data were obtained through the actual visual cognition to 28 target signs by 32 drivers (28 3 32 = 896 in total). The results showed that the proportion of priority recognition of destination information was slightly higher than that of route information, indicating that the destination information fulfills a stronger guiding function during the driver's trip.
The second part of the visual cognition patterns of the guide sign was the EMT of different guide signs which contained different amounts of information.
The EMT results are shown in Figure 7 (a)-(d). The results imply that the EMT increases as the amount of destination information increases. This trend is not linear but instead follows a quadratic equation (R 2 . 0.85), indicating that the growth rate of the driver's visual burden increases gradually with increasing destination information, and there is always an abrupt junction at which the EMT changes drastically. The abrupt junction indicates that the difference of EMT in neighboring destination information is the largest among the different destination information. The abrupt junction of 1-RI is 5-DI to 6-DI, as shown in the circle in Figure  7 (a), and the abrupt junction of 2-RI, 3-RI, and 4-RI is 6-DI to 7-DI, as shown in the circles in Figure 7 under the condition of 1-RI, 2-RI, 3-RI, and 4-RI, respectively. After 6-DI, the growth rate of EMT was largely consistent, as shown in Figure 7 (f).
According to the main effect analysis, there is a significant relationship between the EMT and destination information (p \ 0.01), and there is no significant relationship between the EMT and route information (p = 0.122). Thus, the information was grouped into different levels by the S-N-K: the destination information was grouped into four levels (2-DI & 3-DI; 4-DI & 5-DI; 6-DI; 7-DI & 8-DI), and all route information was grouped into one level (1-RI, 2-RI, 3-RI, & 4-RI). The information levels stand for the different EMT; on the other hand, the EMT value of the high information volume group was significantly higher than that of the low information volume group; this difference can help observe the characteristics and patterns of visual cognition.
The EMT is jointly determined by the destination information and route information; therefore, to further analyze the influence of the guide signs, the influence parts of the destination and route information should be separated. However, there is an interaction effect between the destination and route information (p \ 0.001); therefore, the influence of route information should be considered when analyzing the destination information area. Similarly, the influence of destination information should be considered when analyzing the route information area. Figure 8 (a) and (b), there is an increasing trend in saccade frequency and seek time with increasing route information. In addition, there is a smaller gap between 2-RI and 3-RI in terms of saccade frequency and seek time; this observation indicates that a higher amount of route information makes it more difficult for participants to find the target information. In terms of fixation duration, there is no significant difference among the four levels of route information within each DI group, as shown in Figure 8 (c), which indicates that the fixation duration of route information is not related to the information volume.
Route information part. As illustrated in
According to the results of the statistical analysis, the saccade frequency and seek time had significant relationships with the amount of route information. Moreover, the saccade frequency was divided into three groups by the method of S-N-K (1-RI; 2-RI & 3-RI; 4-RI), and the seek time was divided into four groups according to four levels of route information. In contrast, the fixation duration was not significantly influenced by route information (p = 0.213) because its range was 0.2-0.3 s, which indicates that the fixation duration will not change as the amount of information increases, as shown in Figure 8 (c).
In conclusion, an increase in the amount of route information will increase the difficulty of finding the target information but will not affect the driver's fixation duration on the target information.
Destination information part. Similar to the route part, there is a growing trend in saccade frequency and seek time with an increasing amount of destination information, as shown in Figure 9 (a) and (b). Regarding the fixation duration, all fixation duration points of route information fall within 0.4-0.5 s, which is higher than that of the route part, and there is no clear fluctuation in the destination information, as shown in Figure 9 (c). In addition, the eye movement parameters in the destination part do not change considerably with increasing route information.
Saccade frequency and seek time exhibit highly significant relationships with destination information (p \ 0.01 for both). Furthermore, the saccade frequency was divided into five groups by the method of S-N-K (2-DI; 3-DI & 4-DI; 5-DI; 6-DI; 7-DI&8-DI), and the seek time was divided into six groups (2-DI; 3-DI & 4-DI; 5-DI; 6-DI; 7-DI; 8-DI). In contrast, the fixation duration is significantly influenced by the amount of route information (p = 0.061).
Relationship between route information and destination information. The destination information and route information play different roles in the guide signs, that is, they convey different messages to a driver and show different patterns in the eye movement parameters. The eye movement parameters of route information and destination information with the same amount of information are shown in Figure 10 . The saccade frequency and seek time have similar trends with the two types of information. Under an information volume of 2, route information and destination information yield similar saccade frequencies and seek times. With increasing information, the gap between the saccade frequencies and seek times of route information and destination information increases when the information volume is 3 and then decreases when the information volume is 4, as shown in Figure 10(a) and (b) . The fixation duration is higher for the destination information than for the route information.
Under the same amount of information, the eye movement parameters of two types of information were selected to measure participants' sensitivity to different types of information; the analysis results are shown in Table 1 .
As displayed in Table 1 , all destination information values are higher than the route information values in terms of saccade frequency, seek time, and duration fixation, and the p-values of saccade frequency, seek time, and duration fixation are 0.010, 0.002, and 0.000, respectively. This result indicates that under the same amount of information it will take more time for participants to seek and stare at the destination information than at the route information. Moreover, the SD of destination information is higher than that of route information in terms of saccade frequency, seek time, and duration fixation, indicating that drivers are more volatile when they identify destination information.
Threshold value of information. Information, including the route information and destination information, is one of the main study objectives of this article; therefore, in the study of information threshold, this article will also consider the road name information and place name information. To determine the threshold value of destination information, principal component analysis was used in this study to obtain composite indicators. The original indicators were the EMT (V D1 ), the saccade frequency of the destination information part (V D2 ), the seek time of the destination information part (V D3 ), and the fixation duration of the destination information part (V D4 ).
Taking 1-RI as an example, the Kaiser-MeyerOlkin (KMO) test statistics of four original indicators was 0.795, which was higher than 0.5. The statistical value of the Bartlett spherical test was 30.441 (p \ 0.001). After the raw data were normalized by Z, the correlation coefficient matrix table of each index was obtained. The absolute values of the data in Table 2 were above 0.3, indicating a strong correlation between the variables. Based on the principal component analysis, each indicator's eigenvalue and contribution rate were calculated, and the total variance of the interpretation was obtained, as shown in Table 3 . According to the size of the eigenvalues (generally greater than 1), two factors (F 1 , F 2 ) were selected. The extracted information accounted for 97.795% of the raw data information.
Through the regression algorithm, the loading formulas of two common factors were obtained
According to formulas (1) and (2) and the proportion of the corresponding eigenvalues of two common factors in the total extracted eigenvalues, the comprehensive scoring calculation method was obtained as follows Y = ðF1*94:053Þ + ðF2*3:742Þ 97:795 ð3Þ
The comprehensive score of different traffic information under the condition 1-RI was calculated by formula (3) . Similarly, the comprehensive scores of different traffic information under the conditions of 2-RI, 3-RI, and 4-RI were also calculated. The comprehensive score represents the recognition burden (RB) in a certain sense: a higher score represents that the driver bears a heavier burden. Different DIs correspond to the RB, and the relative change rate (RCR) of the RB between adjacent information represents the trend in the RB. The relationship between RB and RCR is shown in the following formula
where i and j represent the destination information volume, and both are less than or equal to 8. In this article, the RCR was used to measure the information threshold, as shown in Table 4 .
There was a difference in the comprehensive scores of the seven levels of destination information. The lowest comprehensive score was 2-DI, while the highest comprehensive score was 8-DI, and the maximum RCR was between adjacent information 5-DI and 6-DI. The result of comprehensive evaluation is consistent with the cognition pattern to a certain degree, highlighting the objectivity and rationality of the method. Therefore, the threshold value of the destination information should be 5 under the condition of 1-RI. Similarly, the threshold values of destination information are 5, 4, and 3 under the conditions of 2-RI, 3-RI, and 4-RI, respectively.
According to the same method, EMT (V R1 ), the saccade frequency of the route information part (V R2 ), the seek time of the route information part (V R3 ), and the fixation duration of the route information part (V R4 ) were selected as the original indicators.
The KMO test statistic of the four original indicators was 0.665, and the statistical value of the Bartlett spherical test was 59.772 (p \ 0.001). The extracted information comprised 85.454% of the raw data information. The results (RB) are shown in Table 5 .
The comprehensive scores increase with an increasing amount of route information and destination information, and the average RBs are 20.93074, 20.11077, 0.10441, and 0.94206 under the conditions of 1-RI, 2-RI, 3-RI, and 4-RI, respectively. Analysis of variance was selected to analyze the RB of information of the four routes, and the results showed that the RBs of 2-RI, 3-RI, and 4-RI were higher than that of 1-RI, the RB of 4-RI was higher than those of 2-RI and 3-RI, and the RBs of 3-RI and 4-RI had no significant relationship. Moreover, the maximum RCR was between adjacent information 3-RI and 4-RI; therefore, the threshold value of the route information should be 3. The extraction method used was principal component analysis.
Discussion
The objective of this article was to observe the pattern of drivers' visual cognition regarding route information and destination information on guide signs on freeway interchanges and to investigate the threshold value of destination information. A static visual cognition experiment was carried out using an eye-tracking system to obtain participants' eye movement parameters. The main factors in this article were the amounts of destination information and route information. In addition to external conditions, the layout of information, such as the font, size, and color of the sign, can also have a large effect on the visual cognition of the sign and further affect the information threshold value; however, these factors were not studied in this article. The experimental sign was made directly based on the requirements of the China National Standards of Road Traffic Signs (GB5768. ).
The freeway connected by interchanges can be divided into direct routes and indirect routes. Drivers can take a direct route through a single freeway interchange and take an indirect route through more than two freeway interchanges. In general, there is only one direct route marked on the exit guide signs on freeway interchanges, and all other route information involves indirect routes. To represent the indirect route, the United States adds ''to'' before the route information; the United Kingdom adopts the bracket form;
Sweden adopts a virtual frame form; and France uses different colors. In contrast, no relevant regulation on indirect routes exists in China. Therefore, the indirect routes were not considered in this article. Future research will focus on the expression of the indirect route.
Visual cognition, decision, and reaction all belong to the process of driver's feedback response to external stimuli. As the first and most direct step of this process, visual cognition has a high correlation with reaction, and the increasing trend with an increasing amount of information is highly similar between the EMT and reaction time; however, there are also differences. The threshold value of route information was 3 based on the visual cognition in this article, and the threshold values of the destination information were 5, 5, 4, and 3 under the different levels of 1-RI, 2-RI, 3-RI, and 4-RI, respectively. The difference was that the threshold value of route information was 4, and the threshold value of destination information was 6, 6, 5, and 5 successively by comprehensively considering the reaction time, EMT, and subjective evaluation obtained through the same experiment. The main reason for this difference may be that reaction is the last step of the process of driver's feedback response to external stimuli and the reaction influenced by visual cognition. The information threshold in this article was determined by the visual data of the route and destination parts, which is stricter and more reasonable; therefore, relevant research should mainly consider the visual characteristics. The static image viewing experiment limited the research result to some degree. To improve the results, the actual driving experiment would be conducted in future research. Besides, male and female in different ages were recruited in the experiment. Pradhan 16 pointed out that there are significant age-related differences in driver scanning behavior. The impact of driver type on visual cognition would be studied in future works.
Conclusion
To solve problems existing in engineering applications, such as the information overload of freeway guide signs, a static visual cognition experiment was performed using an eye-tracking system that acquired participants' eye movement parameters. The eye movement indicators acquired were the EMT, saccade frequency, seek time, and fixation duration. Principal component analysis and rANOVA were used to analyze the eye movement correlations. The four eye movement indicators and methods could also be used to analyze other signs. The following conclusions were drawn according to the research results:
1. The EMT, saccade frequency, and seek time are highly correlated with information volume and increase significantly with an increasing amount of information. The growth of the EMT follows a quadratic equation, and the abrupt change point often occurs within the range of 5-DI to 7-DI. Each additional DI or RI will significantly increase the saccade frequency and seek time when drivers search for the target information. The fixation duration is not correlated with the amount of information. 2. The proportion of priority recognition of destination information is slightly higher than that of route information, and the fixation duration value, saccade frequency, and seek time of destination information are significantly higher than those of route information, indicating that the destination information has a stronger guiding function during the driver's trip and that drivers are more sensitive to destination information under a given amount of information. 3. The RB and RCR were introduced by principal component analysis to determine the threshold value. According to the visual cognition pattern, the threshold values of the destination information are 5, 5, 4, and 3 under the four levels of 1-RI, 2-RI, 3-RI, and 4-RI, respectively. The threshold value of the route information is 3.
The results could have a positive impact on the design of exit guide sign on freeway interchanges.
Visual cognition characteristics and patterns and their threshold values were investigated in this study. On the basis of this article, subsequent research studies will focus on the guide sign groups, the exit guide sign system of freeway interchanges, and indirect routes. In general, on a two-way, four-lane freeway, two guide signs are juxtaposed as a group: one denotes the information of the direct line and the other denotes the information of the exit line. On a two-way, six-lane freeway, three guide signs are installed as a group: two of them denote the information on the direct line and the other denotes the information on the exit line. Different combinations of guide signs should be applied to different types of freeway. Therefore, the information thresholds of different guide sign groups and their influences must be investigated.
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